ABSTRACT. The phylogeny of a phylogenetically poorly known family, Phytolaccaceae sensu lato (s.l.), was constructed for resolving conflicts concerning taxonomic delimitations. Cladistic analyses were made based on 44 sequences of the internal transcribed spacer of nuclear ribosomal DNA from 11 families (Aizoaceae, Basellaceae, Didiereaceae, Molluginaceae, Nyctaginaceae, Phytolaccaceae s.l., Polygonaceae, Portulacaceae, Sarcobataceae, Tamaricaceae, and Nepenthaceae) of the order Caryophyllales. The maximum parsimony tree from the analysis resolved a monophyletic group of the order Caryophyllales; however, the members, Agdestis, Anisomeria, Gallesia, Gisekia, Hilleria, Ledenbergia, Microtea, Monococcus, Petiveria, Phytolacca, Rivinia, Schindleria, Seguieria, Stegnosperma, and Trichostigma, which belong to the family Phytolaccaceae s.l., did not cluster under a single clade, demonstrating that Phytolaccaceae is polyphyletic.
INTRODUCTION
The Caryophyllales (part of the core eudicots), sometimes also called Centrospermae, include about 6% of dicotyledonous species and comprise 33 families, 692 genera and approximately 11200 species. The monophyly of the Caryophyllales has been previously supported by DNA sequences, cytochrome c sequence data and heritable characters such as anther wall development and vessel elements with simple perforations (Downie et al., 1997; Cuenoud et al., 2002) .
Caryophyllales sensu stricto (s.s.), have long been identified as a natural assemblage of families. Morphological characters diagnostic of the group include free-central (sometimes basal) placentation, perisperm, and curved embryos (Bittrich, 1993) . Studies on pigment chemistry (Clement et al., 1994) have shown that all Caryophyllales families, except Caryophyllaceae and Molluginaceae, produce betalain pigments instead of anthocyanins (as is the case in the rest of flowering plants). Studies on the ultrastructure of sieve-element plastids have revealed that the Caryophyllales share a unique type (P3; Behnke, 1994) , which is characterized by a peripheral ring of proteinaceous filaments, generally surrounding a protein crystal of either globular or angular shape. Cronquist and Thorne (1994) , in summarizing the data available on Caryophyllales, excluded 7 families (Bataceae, Gyrostemonaceae, Plumbaginaceae, Polygonaceae, Rhabdodendraceae, Theligonaceae, and Vivianaceae) and listed only 11 families (Aizoaceae, Amaranthaceae, Basellaceae, Cactaceae, Caryophyllaceae, Chenopodiaceae, Didiereaceae, Molluginaceae, Nyctaginaceae, Phytolaccaceae, and Portulacaceae) under this order.
Molecular systematic studies have substantially added to our knowledge of the phylogeny of the Caryophyllales; as a result, additional families including Droseraceae, Drosophyllaceae, Nepenthaceae, Plumbaginaceae, Polygonaceae, Asteropeiaceae, Physenaceae, Ancistrocladaceae, Dioncophyllaceae, Frankeniaceae, Rhabdodendraceae, Simmondsiaceae, and Tamaricaceae have been shown to be related to the Caryophyllales, which finally led to redefining the Caryophyllales in the APG (Angiosperm Phylogeny Group, http://www.mobot.org/ mobot/research/apweb/), in which the 'non-core Caryophyllales' families listed above have been included in addition to the 'core Caryophyllales' previously recognized, for a total of 26 families. Despite the data available, uncertainties still remained as to the delimitation of several families, their phylogenetic relationships, and the placement of some enigmatic genera: Bittrich (1993) listed 6 families, i.e., Amaranthaceae, Chenopodiaceae, Portulacaceae, Nyctaginaceae, Phytolaccaceae, and Molluginaceae, that lacked clear delimitation or valid synapomorphies.
The Phytolaccaceae comprise a weedy family of largely tropical and subtropical plants that have been placed, almost without exception, in Centrospermae under the order Chenopodiales (Hutchinson, 1959) or Caryophyllales (Bessey, 1915) . Economically, some species of Phytolaccaceae contain partially toxic substances which are used medicinally. The roots and fruits of some members of Phytolaccaceae contain saponin, which is utilized as soap. Because of its fast growing nature, Phytolacca dioica is frequently planted as a shade tree in the tropics. Nowicke (1969) reported the use of berries and the young sprouts and leaves of some species of Phytolacca as an adulterant of red wine and poke salad respectively.
The generic composition of Phytolaccaceae has long been controversial, and a synoptic review of past taxonomic treatments reveals a variable assortment of familial circumscriptions and intrafamilial classifications. Lack of agreement has characterized delimitation of Phytolaccaceae senso lato (s.1.) over the past several decades. The inclusion or exclusion of Achatocarpus, Phaulothamnus, Agdestis, Stegnosperma, and Barbeuia, often referred to as anomalous genera in Phytolaccaceae (s.l.), has been the reason for disagreement in the classification of Phytolaccaceae. The family Phytolaccaceae has undergone a continuous thinning, with the recognition of Stegnospermataceae and Achatocarpaceae in Angiosperm Phylogeny Group, and also sometimes Petiveriaceae, Agdestidaceae, Gisekiaceae and Barbeuiaceae (Nakai, 1942) Walter's (1909) monograph was the first comprehensive treatment of the family Pytolaccaceae. Walter (1909) recognized two subfamilies, Phytolaccoideae containing 17 genera (Anisomeria, Ercilla, Phytolacca, Barbeuia, Didymotheca, Tersonia, Gyrostemon, Codonocarpus A. Cunn., Hilleria, Seguieria, Gallesia, Rivina, Trichostigma, Ledenbergia, Schindleria, Petiveria, and Monococcus) and Stegnospermoideae with only the one genus Stegnosperma. Agdestis which was not placed in a subfamily or tribe, plus three other anomalous genera [Achatocarpus triana (formerly placed in the Amaranthaceae by Bentham and Hooker, 1883) , Microtea and Phaulothamnus] with affinities to the Chenopodiaceae were added for a total of 22 genera. Walter (1909) removed 6 genera [Limeum, Giesekia, Adenogramma, Psammotropha, Polpoda , and Semonvillea Gay, the last genus to which Heimerl (1889) treated as a subgenus of Limeum] to the subfamily Ficoideae of the Aizoaceae. In addition to this major change, Walter (1909) recognized Ercilla as distinct from Phytolacca, and Trichostigma as distinct from Rivina, and included the genus Schindleria.
In the second edition of Pflanzenfamilien, Heimerl (1934) divided the Phytolaccaceae into the 5 tribes Rivineae, Phytolacceae, Agdestideae, Stegnospermeae, and Barbeuieae, with the last three being monogeneric; in addition, Heimerl (1934) cited two genera, Microtea and Lophiocarpus, as connecting links to the Chenopodiaceae. Heimerl (1934) reduced the total number of genera to 17 by removing 6 previously included by Walter (1909) and adding Lophiocarpus, a genus formerly placed in the Chenopodiaceae (Bentham and Hooker, 1883) , and placed by Brown (1909) in the Phytolaccaceae as congeneric with Microtea. There were four genera (Gyrostemon, Codonocarpus, Didymotheca, Tersonia) that Heimerl (1934) separated from the Phytolaccaceae and transferred to Gyrostemonaceae, which possess unisexual flowers and show a high carpel frequency (rarely two or one). The Achatocarpaceae was established for two dioecious genera, Achatocarpus and Phaulothamnus, found in the American tropics and subtropics. Hutchinson (1959) included the Phytolaccaceae in the Chenopodiales; the latter consists of 10 families of which 4 have resulted from a further division of the Phytolaccaceae. The family was consequently reduced to 3 genera, i.e., Phytolacca, Anisomeria and Ercilla. The genera Agdestis and Barbeuia were placed in monotypic families, and the remaining genera, with the exception of Stegnosperma which Hutchinson (1959) placed as a monogeneric family in the Pittosporales, comprise the Petiveriaceae (Gallesia, Hilleria, Ledenbergia, Lophiocarpus, Monococcus, Microtea, Petiveria, Rivina, Schindleria, Seguieria, Trichostigma) . Eckardt (1964) made some changes in the larger taxa, recognizing 3 subfamilies, the Phytolaccoideae with 4 tribes and the Stegnospermatoideae and Microteoideae each with a single tribe. Eckardt's (1964) treatment appears to follow closely that of Heimerl (1934) . Nowicke (1969) revised the family Phytolaccaceae utilizing pollen morphology in addition to floral and vegetative morphology. Nowicke (1969) recognized 17 genera (Anisomeria, Ercilla, Phytolacca, Gallesia, Seguieria, Rivinia, Trichostigma, Schindleria, Hilleria, Petiveria, Ledenbergia, Monococcus, Agdestis, Microtea, Lophiocarpus, Stegnosperma, and Barbeuia) and placed them in 6 subfamilies (Phytolaccoideae, Rivinoideae, Agdestioideae, Microteoideae, Stegnospermoideae, and Barbeuioideae), three of which were newly established, with all subfamilies except the Rivinoideae (with Seguierieae and Rivineae). Brown and Varadarajan (1985) classified Phytolaccaceae s.l., into Phytolaccaceae s.s., Petiveriaceae and Achatocarpaceae and three more monogeneric families, namely Agdestidaceae, Barbeuiaceae and Stegnospermaceae.
The genera Achatocarpus, Agdestis, Barbeuia, Phaulothamnus, and Stegnosperma are so-called anomalous phytolaccaceous members. Additional but less widespread disagreement concerns the placement of Lophiocarpus and Microtea. Extremes in the spectrum of treatments for the family range from the 'sensu lato' delimitations of Heimerl (1889), Cronquisat (1968) , and Thorne (1976) to the 'sensu stricto' of Hutchinson (1959 Hutchinson ( , 1973 . The remaining treatments (Walter, 1909; Heimerl, 1934; Nowicke, 1969; Takhtajan, 1969 Takhtajan, , 1980 Bortenschlager, 1973; Dahlgren, 1977 Dahlgren, , 1980 Cronquist, 1981; Thorne, 1981; Brown and Varadarajan, 1985) can be considered to be 'modified sensu lato', where one or more segregate families are extracted from Phytolaccaceae (s.1.).
Taking the aforementioned taxonomic history (from the phylogeny of Caryophyllales to the series of taxonomic treatment of Phytolaccaceae s.l.) and the enormous phylogenetic significance of internal transcribed spacer (ITS) sequence of nuclear ribosomal DNA (a gene which is nowadays considered better than its reputation) into consideration, this study was undertaken to resolve conflicts concerning the generic delimitations of Phytolaccaceae (s.l.).
MATERIAL AND METHODS

Taxon sampling and selection of outgroup
In the present study, we analyzed ITS sequences of nrDNA (including ITS1, 5.8S and ITS2) from 44 taxa [23 taxa newly sequenced in the present study, and 21 (including outgroup) taxa retrieved from GenBank] which covered representatives of 11 families of the order Caryophyllales. Leaf material representative of the genera Agdestis, Anisomeria, Gallesia, Gisekia, Hilleria, Ledenbergia, Microtea, Monococcus, Petiveria, Phytolacca, Rivinia, Schindleria, Seguieria, Stegnosperma , and Trichostigma were kindly provided by herbarium specimens housed at 'The Jepson Herbarium' (UC), University of California, Berkeley, CA, USA, for study. CpDNA data have suggested a close relationship between the Nepenthaceae and Caryophyllales (Albert et al., 1992) . Therefore, two species of Nepenthes (N. alata and N. ventricosa; family Nepenthaceae) were employed as outgroup in the phylogenetic analyses. Voucher information and GenBank accession number for all taxa included in the analyses are listed in Table 1 .
Total genomic DNA extraction, amplification and sequencing
Total DNA was extracted using the DNeasy Plant Mini kit (Qiagen, Valencia, CA, USA). ITS sequences of nrDNA were amplified using the ITS1 forward primer (5'-GTCCACTGAACCTTATCATTTAG-3') and ITS4 reverse primer (5'-TCCTCCGCTTATTGATATGC-3') of White et al. (1990) and AccuPower HF PCR PreMix (Bioneer, Daejeon, South Korea). One amplification round consisted of denaturation at 94°C for 5 min followed by 40 cycles of denaturation at 94°C for 1 min, annealing at 49°C for 1 min and extension at 72°C for 1 min, with a final extension at 72°C for 5 min. The PCR products were purified with a SolGent PCR Purification kit-Ultra (SolGent, Daejeon, South Korea) before sequencing. The purified fragments were directly sequenced using dye terminator chemistry following manufacturer protocol. Cycle sequencing was conducted with the primers used for amplification, BigDye vers. 3 reagents and an ABI PRISM 3730XL DNA Analyzer (PerkinElmer, Applied Biosystems, USA) following the manufacturer instructions. Cycling conditions included initial denaturation at 94°C for 5 min, followed by 30 cycles of 96°C for 10 s, 50°C for 5 s, and 60°C for 4 min. Each amplified product was sequenced in the sense and antisense direction. Nucleotide sequences of both DNA strands were obtained and analyzed using the ABI Sequence Navigator (Perkin-Elmer/Applied Biosystems, USA) to ensure accuracy. The boundaries between ITS1, 5.8S, and ITS2 for each sequence generated in the present study were determined and the sequences trimmed to extract the complete set of nrDNA ITS sequences by comparisons with the previously published related Caryophyllales sequences available in the GenBank database of National Center for Biotechnology Information (www.ncbi.nlm.nih.gov). All sequences generated in the present study were deposited in GenBank (Table 1) .
Sequence alignment and phylogenetic analyses
Sequence alignment was performed using Clustal_X version 1.81 (Thompson et al., 1997) . Insertion-deletions (Indels) were scored as single characters when we were confident of positional homology. Gaps were treated as missing data in phylogenetic analysis.
Maximum parsimony (MP) analysis was performed using PAUP* 4.0b10 (Swofford, 2002) with the following settings: heuristic search algorithms with tree bisection reconnecting (TBR) branch swapping, MULPARS in effect, all characters equally weighted, gap treated as missing characters, zero-length branches collapsed, random addition sequence set to 1000 replicates, and branch swapping limited to 10,000,000 rearrangements per replicate. When MP trees were saved, a strict consensus tree was constructed. Bootstrap analysis was performed using 1000 replicates, with the random addition sequence set to 10, and branch swapping limited to 10,000,000 rearrangements per replicate. Table 1 . Taxa and accession examined in this study. †Indicates that the sequences were generated in the present study and submitted to GenBank; *indicates that the accession was obtained from GenBank.
RESULTS
The combined length of the entire ITS region (ITS1, 5.8S and ITS2) from taxa analyzed in the present study ranged 556-681 nucleotides. The length of the ITS1 region and GC contents ranged 176-270 nucleotides and 47-76%, respectively, the 5.8S gene was 163 bp long, and the length of the ITS2 region and the GC content ranged 206-249 nucleotides and 51-79%, respectively. The data matrix consisted of a total number of 728 characters of which 198 characters were constant, 63 characters were variable but parsimony-uninformative, and 481 characters were parsimony-informative. Indels were necessary to align the sequences. Indels ranged from 1 to 35 bp. MP analysis of the entire ITS region resulted in 3540 maximally parsimonious trees (MPTs) (Figure 1 ). Maximum likelihood (ML) and Bayesian analyses were also performed, which recovered almost similar tree topology, and thus, only the MP topology is discussed here. MPTs resulting from the analysis of ITS sequences was strongly supported as a monophyletic group (bootstrap support 100%) of the order Caryophyllales, with the relationships consistent with the 18S rDNA, plastid rbcL, atpB, and matK phylogeny of Caryophyllales (Cuenoud et al., 2002) ; however, the members belonging to the family Phytolaccaceae s.l. did not cluster in a single clade. The MPTs resulting from the parsimony analysis resolved three major clade. Clade I (bootstrap support 86%) consisted of Hilleria-Anisomeria (Phytolaccaceae s.l.). Clade II (bootstrap support 72%) consisted of subclade (bootstrap support 100%) Tamarix-Reaumuria-Myricaria (Tamaricaceae), and subclade (bootstrap support 82%) SeguieriaGallesia (Phytolaccaceae s.l.) plus Polygonum (Polygonaceae) clade (bootstrap support 94%). Clade III (bootstrap support 76%) consisted of polytomies of Agdestis (Phytolaccaceae s.l.) an independent branch, Sarcobatus (Sarcobataceae) an independent branch, Gisekia (which has been variously placed in Aizoaceae, Molluginaceae, Gisekiaceae, or Phytolaccaceae s.l.), Acrodon-Aizoanthemum (Aizoaceae), Limeum (Molluginaceae), Petiveria-Monococcus (Phytolaccaceae s.l.), Trichostigma-Schindleria-Rivinia (Phytolaccaceae s.l.), Allionia-MirabilisNyctaginia (Nyctaginaceae), Phytolacca (Phytolaccaceae s.l.), Microtea-Ledenbergia (Phytolaccaceae s.l.), Stegnosperma (Stegospermataceae/Phytolaccaceae s.l.), and Anredera-Basella (Basellaceae)-Alluaudia (Didiereaceae)-Calandrinia (Portulacaceae). Clade I consisted of taxa absolutely treated under Phytolaccaceae s.l. only; however, the Seguieria-Gallesia (Phytolaccaceae s.l.) claded with the family Polygonaceae in clade II, and all other taxa belonging to Phytolaccaceae (s.l.) included in the analysis showed polytomies with the taxa from the various Caryophyllales families such as Sarcobataceae, Aizoaceae, Molluginaceae, Gisekiaceae, Nyctaginaceae, Stegospermataceae, Basellaceae, Didiereaceae, and Portulacaceae.
DISCUSSION
The genus Hilleria, consisting of four species (Mabberley, 2008) distributed from northern South America to Africa, has been previously treated under the Rivineae (Hermerl 1889 (Hermerl , 1934 , Petiveriaceae (Brown and Varadarajan, 1985) , Phytolaccaceae (Cronquist, 1968 (Cronquist, , 1981 Takhtajan, 1969 Takhtajan, , 1980 Dahlgren, 1977 Dahlgren, , 1980 , Rivinoideae (Nowicke, 1969) , Petiverieae (Bortenschlager, 1973) , and Rivioideae (Thorne, 1976 (Thorne, , 1981 . Hutchinson (1959 Hutchinson ( , 1973 also treated the genus under Petiveriaceae but as a family under the order Pitosporales. The genus Anisomeria, with three species, has been described as being restricted from Chile to Argentina (Nowicke, 1969; Mabberley, 2008) and has been previously treated (Hermerl, 1889 (Hermerl, , 1934 Hutchinson, 1959 Hutchinson, , 1973 Cronquist, 1968 Cronquist, , 1981 Takhtajan, 1969 Takhtajan, , 1980 Bortenschlager, 1973; Dahlgren, 1977 Dahlgren, , 1980 Brown and Varadarajan, 1985) under the family Phytolaccaceae and the Phytolaccoideae as well (Nowicke, 1969; Thorne, 1976 Thorne, , 1981 . Morphologically, Hilleria and Anisomeria share certain similar morphological characters such as herbs or shrubs, inflorescences mostly terminal, spikes or spike-like racemes, flowers perfect, zygomorphic or not, sessile or pedicellate, bract single or absent, bracteoles 2 and fleshy, or absent, sepals united at the base, fruit drupelets or utricle, seed one, spermoderm wrinkled, sporoderm reticulated. These characters also overlap with those of other genera of Phytolaccaceae (s.l.).
In ITS phylogeny, the morphologically similar genera Seguieria and Gallesia claded (bootstrap support 100%) with family Tamaricaceae and Polygonaceae (bootstrap support 72%). Previously, both genera have been treated under either Phytolaccaceae, Petriveriaceae, Rivineae, Rivinoideae, Phytolaccoideae, Riviodeae, or Rivinioideae. Bortenschlager (1973) accommodated both Seguieria and Gallesia under Seguiereae of Petriveriaceae (see Brown and Varadarajan, 1985) .
Agdestis, a monotypic genus has been reported from Nicaragua, southern Florida and parts of Texas (Heimerl, 1934) . Chemical and ultrastructural data have shown that Agdestis is properly placed in the Caryophyllales (Behnke et al., 1974) . In the neighbor-joining tree (not shown here), Agdestis showed close relationships with Sarcobatus (Sarcobataceae). This relationship has also been reported in the phylogeny of Caryophyllales (Cuenoud et al., 2002) . The habit, leaf shape and inferior ovary distinguish the genus Agdestis from all other members of the Phytolaccaceae (Nowicke, 1969) . Though infrequently recognized as a segregate family from Phytolaccaceae (Dahlgren, 1977) , Agdestis has routinely received monotypic tribal or subfamilial status (Nowicke, 1969; Bortenschlager, 1973) . The Agdestidaceae are easily recognized by distinctive characters: association of twining herbs with a turnip-like rootstock, rounded, cordate leaves, apetalous, perigynous flowers with dorsifixed anthers and a syncarpous, multilocular, half-inferior ovary with one basal ovule per locule, achene-like and samaroid fruit due to four persistent calyx segments and one globose seed without aril. The present study strongly supports the previous treatment of the genus (Hutchinson, 1959 (Hutchinson, , 1973 Dahlgren, 1977; Brown and Varadarajan, 1985) , i.e., reorganization as the separate family Agdestidaceae under the order Caryophyllales.
In the past, Gisekia has been included in the Phytolaccaceae or Aizoaceae, often together with Molluginaceae or in a family of its own, Gisekiaceae. The detection of betalains in Gisekia reflects its close affinities to the Phytolaccaceae, a placement also supported by rbcL/matK data (Cuenoud et al., 2002) . As a result, Gisekia can be separated from Limeum a non-pigmented genus and the other genera of Molluginaceae containing only anthocyanins (Takhtajan, 1980; Brown and Varadarajan, 1985) . Some authors treated Gisekia as a tribe (Gisekieae) in Aizoaceae (Müller, 1909; Pax and Hoffmann, 1934) . Both Hutchinson (1959) and Eckardt (1964) included it again in Molluginaceae. Hofmann (1973) , on the basis of corresponding gynoecium morphology, pointed out the relationship of Gisekia to Phytolaccaceae. However, most morphological and anatomical data underline that Gisekia is most closely related to Molluginaceae. Nakai (1942) was the first to create the monotypic family Gisekiaceae. The mericarpic fruit separates the genus from Aizoaceae and Molluginaceae, from which it also differs by the presence of betalains. None of the currently accepted plant family includes both anthocyanin and betalain producers. In the MPTs resulting from the present MP analysis, Gisekia did not nest with Phytolaccaceae or Aizoaceae, or even with Molluginaceae. Recently, acceptance of Gisekiaceae has gotten support from researchers (Gilbert, 2000) . Seed morphology (Hassan et al., 2005) also supports the independent nature of Gisekia (Gisekiaceae). Hutchinson (1959 Hutchinson ( , 1973 treated the genus Petiveria under the family Petiveriaceae of Pitosporales along with Hilleria, Seguieria, Gallesia, Rivinia, Trichostigma, Schindleria, Ledenbergia, Monococcus, Lophiocarpus, and Microtea. Bortenschlager (1973) also followed the concept of Hutchinson (1959 Hutchinson ( , 1973 but recognized the family Petiveriaceae under the order Caryophyllaes. However, Bortenschlager (1973) excluded Lophiocarpus from Petiveriaceae and treated it under a separate family, Lophiocarpaceae. Hermerl (1889 Hermerl ( , 1934 , Cronquist (1968 Cronquist ( , 1981 , Nowickce (1969) , Takhtajan (1969 Takhtajan ( , 1980 , Thorne (1976 Thorne ( , 1981 , and Dahlgren (1977 Dahlgren ( , 1980 did not recognize the family Petiveriaceae. Brown and Varadarajan (1985) considered the family Petiveriaceae with Gallesia, Hilleria, Ledenbergia, Petiveria, Rivina, Schindleria, Seguieria, and Trichostigma. Brown and Varadarajan (1985) also tentatively placed the genera Microtea, Lophiocarpus and Monococcus under Petiveriaceae. On the other hand, Petiveria, Hilleria, Seguieria, Gallesia, Rivinia, Trichostigma, Schindleria, Ledenbergia, Monococcus, Lophiocarpus, Microtea, and Phaulthamnus have been routinely treated under tribal or subfamily Rivineae (Heimerl, 1889 (Heimerl, , 1934 , Rivinoideae (Nowicke, 1969) and Rivioideae Thorne (1976 Thorne ( , 1981 . On the basis of pollen morphology, Nowicke (1969) treated Microtea and Lophiocarpus under Microteoideae. In the 50% majority rule tree and also in the neighbor-joining tree (not shown here), Petiveria and Monococcus clade together (bootstrap support 100%) and are closely related to Phytolacca. However, the genera Trichostigma, Schindleria and Rivinia clade together (bootstrap support 100%) and are distinct from the Petiveria-Monococcus clade. The genera Microtea and Ledenbergia also form a separate clade, independent from the Petiveria-Monococcus clade and Trichostigma, Schindleria, Rivinia clade. Microtea and Ledenbergia are closely related (bootstrap support 92%) to Stegnosperma (Stegospermaceae). The family Stegospermaceae has also been recognized in the Angiosperm Phylogeny Group classification. On the basis of the present analysis, we support the reorganization of the family Petiveriaceae with two genera, i.e., Petiveria and Monococcus; however, grouping of Trichostigma, Schindleria, Rivinia under a single clade with strong support (bootstrap support 100%) and grouping of Microtea and Ledenbergia in a separate clade independent from the Trichostigma-Schindleria-Rivinia clade, clades that are blended with members of Caryophyllales in MPTs, indicates the need for taxonomic recircumscription of Phytolaccaceae (s.l.) and further; the genera so-called anomalous phytolaccaceous members also need to be sequenced to infer their proximity under Caryophyllales.
